p ERRY et al. (1957) and Neumann (1960) reported that steers fed an all-concentrate ration developed vitamin A deficiency even though carotene was present in the diet in excess of requirements (N.R.C., 1958). Jordan et al. (1963) found similar results when steers were fed principally on corn silage. Steers fed a "high" nitrate silage were depleted of their liver vitamin A reserves more rapidly than those fed a "low" nitrate silage; however, at the end of the trial all animals had rather low levels of vitamin A storage in the liver.
This research was designed to study the efficiency of utilization of corn silage fl-carotene by young dairy bulls fed a high concentrate ration and to determine if this utilization was affected by added nitrate in the ration. A preIiminary report of this work was presented earlier (Miller et al., 1965) .
Experimental
Twelve Holstein male calves approximately 1-week-old were purchased from farms in Maryland and fed the rations presented in table 1. Feed weighbacks were taken daily and the calves were weighed every 10 days. When the calves were between 91 and 155 days old, they were assigned in a factorial design to three levels of nitrate and four levels of carotene. As the calves were started on their respective treatments at the same time, the length of the depletion period varied among animals. The nitrate in the form of KNO.~ was mixed with the concentrate at levels of 0, 147 and 440 rag. per kg. of bodyweight. Corn silage was fed to supply carotene at levels of 44, 53, 70 and 97 ~g. per kg. of bodyweight. The silage which averaged 0.10% NO3 on a dry matter basis was analyzed for fl-carotene by the method of Wiseman et al. (1957) at weekly intervals. The corn silage necessary to supply the different levels of carotene was weighed, placed in plastic bags and refrigerated until feeding.
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2Dairy Cattle Research Branch, Animal Husbandry Research Division, A.R.S., Beltsville, Maryland. 624 Plasma carotene and vitamin A were determined by the method of Kimble (1939) on samples obtained biweekly by jugular puncture. Cerebrospinal fluid (CSF) pressures were measured biweekly by the method of Moore et al. (1943) using a small bore plastic tube as a manometer. Twice during the experiment whole blood was analyzed for methemoglobin by the method of Evelyn and Malloy (1938) .
At the end of the 123-day experiment, the animals were slaughtered. The livers were sampled and immediately frozen for later carotene and vitamin A determination by a slight modification of the method described by Moore (1957) .
The data obtained were analyzed by analysis of variance. CaroteneXnitrate interaction was used as the error term to test the effects of carotene and nitrate. The three degrees of freedom for carotene and the two for nitrate were analyzed as individual degrees of freedom. Plasma carotene and vitamin A and CSF pressures were tested for time trends.
Results and Discussion
Values presented in table 3 demonstrate that plasma carotene and vitamin A, liver carotene and CSF pressures were good indicators of the quantity of dietary carotene received by the calves, as the linear trends with increasing carotene levels for these variables were significant. The terminal liver vitamin A values were higher with each increase of dietary carotene; however, the differences were not significant (P~.10). Figure 1 shows the plots of plasma carotene and vitamin A and CSF pressures over time. For plasma carotene, both the linear and quadratic components of the time curve were significant (P~.01). Only the quadratic component was significant (P~.01) for plasma vitamin A, whereas only the linear trend was significant (P~.01) for CSF pressures. These results suggest that an equilibrium had not been reached for plasma carotene or CSF pressures after 4 rod. on experiment. The reason for these increases over time is not known; however, based on work by Calhoun et al. (1965) , age should not be a factor in the increasing CSF pressures.
Dietary nitrate had no adverse effect on the vitamin A status of the calves. This is in agreement with other workers (Weichenthal et al., 1963; Cline et al., 1963; Wallace et al., 1964; Davison et al., 1964) . The reason for the increased liver vitamin A stores with increasing nitrate levels may be explained by animals with a shorter depletion period being randomly assigned to the highest nitrate level.
There was a linear increase (P~.01) in the methemoglobin content of the blood due to the feeding of nitrate. These values were 0.12, 0.14 and 0.60 gin. per 100 ml. of blood for the 0, 147 and 440 rag. levels of dietary nitrate, respectively. Table 4 shows the intake of concentrates and corn silage and the average daily gains in bodyweight. There was no effect on the intake of concentrates due to the level of dietary carotene, however, there was a linear decrease (P~.10) in concentrate intake due to increasing levels of dietary nitrate. The increase in corn silage intake with increasing carotene levels was an inherent part of the experiment.
There was a linear increase (P~.05) in average daily gains with increasing dietary carotene levels. The reduced gain for the canes fed the lowest two levels of carotene was not unexpected, as these calves were fed carotene at a deficient level of intake (Moore et al., 1943 ).
An increase in CSF pressure is one of the first, if not the first, indication of vitamin A deficiency (Moore and Sykes, 1940) . Using CSF pressures as their criterion, Moore et al. (1943) concluded that 66 ~g. of carotene per kg. of bodyweight was the minimum requirement to prevent an increase in CSF pressure over 120 ram. in Holstein calves. These workers used dehydrated alfalfa leaf meal as their carotene source. Rousseau et al. (1954) , also using dehydrated alfalfa leaf meal, reported a (Eaton et al., 1964) reported that 106 ~g. of carotene per kg. of bodyweight will maintain CSF pressures at a geometric mean of 76 ram. in Holstein calves. In Rousseau's work, it was reported that maintenance of a 10 ~g./100 ml. level of plasma vitamin A required 68 /xg. of carotene per kg. of bodyweight. This level would also be expected to maintain a liver vitamin A level of 0.6 rtg. per gm. of fresh liver. Comparing these values to those in table 3, it can be seen that the 70 /xg. carotene level gave quite comparable results. These results indicate that the carotene from corn silage when fed in limited amounts was as efficient as dehydrated alfalfa leaf meal carotene in meeting the carotene requirements of these calves.
This study also suggests that dairy calves can have quite low levels of liver vitamin A stores without showing any detectable signs of vitamin A deficiency. Jordan et al. (1963) silage and having liver and plasma vitamin A concentrations considerably higher than those obtained in this experiment. Deficiency symptoms included failure to gain weight, edema of the brisket, swelling of the hind legs and edema of the optic disk. In contrast to Jordan's work, Klosterman et al. (1964) found that growing-fattening Hereford steers could meet their vitamin A requirements from corn silage carotene, and that supplemental vitamin A had no effect on performance. The reason for these apparent differences is not known at this time, however, factors such as stress may be involved (Hinds, 1965) .
Summary
Utilization of carotene from corn silage and the effect of dietary nitrate on carotene utilization was studied in Holstein bull calves. Linear increases (P(.05) occurred in plasma and liver carotene and plasma vitamin A with increasing levels of dietary carotene. This was accompanied by a linear decrease (P~.05) in CSF pressure.
Nitrate in the ration increased (P~.01) the blood methemoglobin and reduced (P~.I0), but had no effect on plasma vitamin A and plasma or liver carotene.
It is suggested, by comparison with work of others (Moore et al., 1943 ; Rousseau et al., 1954) , that corn silage is as effective as dehydrated alfalfa leaf meal as a carotene source for maintaining a normal spinal fluid pressure in Holstein calves.
